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/"English  abstract  omitted  7 

Introduction 

To  promote  efficiency  in  transporting  the  bait  fish  used  in  skipjack 
fishing,  the  type  of  bait  tank  used  hitherto,  that  is  one  in  which  the 
water  is  circulated  only  by  the  motion  of  the  boat*  is  unsuitable,,  For 
this  reason  in  July,  1931,  this  Station,  in  cooperation  with  the  Shizuoka 
Prefecture  Fisheries  Experiment  Station,  planned  some  improvements,  re- 
built the  bait  tank  of  the  Shizuoka  Station's  guide  vessel,  the  Fuji 
Maru,  and  installed  new  equipment  to  circulate  the  water  thoroughly  by 
means  of  a  pump.  Since  that  time  basic  experiments  have  been  carried  on 
along  with  practical  tests  and  real  results  have  been  steadily  obtained 
until  finally  the  point  has  been  reached  where  the  efficiency  of  holding 
bait  fish  has  advanced  remarkably..  As  is  made  clear  in  !Jc .  3  of  the 
Journal  of  the  Imperial  Fisheries  Experimental  Station,-)  both  the  useful 
volume  and  the  density  of  contents  of  the  new  bait  tank  are  about  40$ 
greater  than  those  of  the  old-style  tank  so  the  total  amount  held  is 
about  twice  as  much,  Furthermore  the  death  rate  has  been  reduced  greatly 
to  less  than  10$,  Bait  fish  which  have  just  been  captured,  hitherto 
thought  impossible  to  transport  because  of  their  high  death  rate,  that  is 
to  say,  what  are  commonly  called  "new  bait",  have  been  transported  in 
tests,  but  as  was  expected  the  mortality  was  heavy  and  several  trials  all 
ended  in  failure.   This  must,  after  alls  be  ascribed  to  a  number  of  defects 
in  the  methods  of  handling  the  bait  fish  due  to  the  fact  that  insufficient 
research  had  been  done  on  the  causes  of  bait  mortality.,  In  order  to  take 
the  most  appropriate  measures  against  mortality,  it  is  necessary  to  make 
a  detailed  study  of  all  of  the  causes  of  death  in  the  bait  fish  such  as 
deficiency  of  free  oxygen,  sudden  changes  in  the  water  temperature,  wounds, 
and  so  forth., 

With  such  views  in  mind,  the  author,  during  the  approximately  four 
years  from  1932  to  1935,  carried  on  the  investigations  indicated  in  the 
title  of  this  paper,  using  as  material  sardines,  Sardinia  melanosticta, 
and  anchovies,  Engraulis  japonicus,  of  a  size  suitable  for  skipjack  bait, 
at  Enoura  and  Mito  in  Shizuoka  Prefecture,  aboard  the  Fuji  Maru  at  anchor 
in  Mito  Wan,  at  the  Kanagawa  Prefecture  Misaki  Marine  Laboratory,  and  at 
Katsuura  and  Tateyama-Hojo  in  Chiba  Prefecture , 

This  study  was  undertaken  on  the  orders  of  the  Chief  of  the  Station 
and  of  Technician  Itaro  Takayama,,  The  study  owes  not  a  little  to  the 
assistance  of  the  personnel  of  this  Station,  the  personnel  of  the  Shizuoka 
Prefecture  Fisheries  Experiment  Station,  to  the  Masudas,  father  and  son, 
of  Shishihama  in  Shizuoka,  Tadanori  Also  and  haruo  Xamamotu  of  Mitsu  in 
the  same  prefecturejJDr^  Ikusaku  Amemxya,  professor  in  the  Faculty  of 
Agriculture  of  the  Tokyo  Imperial  University,  and  Dr„  Sadanori  Mita, 
professor  in  the  Faculty  of  Medicine,  have  constantly  given  extremely  kind 
guidance^  In  the  preparation  of  the  report  Technicians  Saburo  Hoshino, 
Toru  Sato,  and  Kinosuke  Kimura  supplied  profitable  advice.,  I  wish  here 
to  express  my  heartfelt  thanks  to  all  of  these  persons „ 


Death  From  Lack  of  Free  Qxygerr 

Since  the  sardine  belongs  to  the  class  of  comparatively  active 
swimmers,  the  amount  of  oxygen  it  uses  must  be  great,  as  is  clear  from 
the  study  of  Halloo  For  this  reason  when  the  bait  fish  arc-  being  trans- 
ported^  and  a  great  number  of  them  are  confined  in  a  small  bait  tank 
aboard  the  boat,  in  a  tank  like  the  ones  used  heretofore,  where  the  only 
water  circulation  is  that  resulting  from  the  movements  of  the  hull,  and 
even  in  the  new  bait  tank  described  above,  where  the  water  is  circulated 
by  a  pump,  the  danger  that  the  bait  fish  may  use  up  the  limited  free 
oxygen  in  the  sea-water,  breathe  abnormally,  and  then  finally  die  of 
suffocation  is  an  item  that  should  naturally  be  taken  into  consideration „ 
In  actual  fact,  it  not  infrequently  happens  that  while  the  bait  fish  are 
being  transported,  an  oxygen  deficiency  develops  in  the  bait  tank  and 
almost  all  of  the  precious  bait  dies  off  in  a  brief  space  of  time  leaving 
the  fishermen  dumbfounded,, 

Accordingly,  the  basis  for  counter-measures  must  be  formed  by 
experimenting  to  determine  how  much  free  oxygen  the  bait  fish  consume 
under  any  particular  conditions  and  what  is  the  lethal  level  of  free 
oxygen „ 

a)  Abnormal  Respiration  of  Bait  FishJ^ 

Abnormal  respiration  is  the  respiration  which  takes  place  in  sea- 
water  that  does  not  circulate,  or  in  sea-water  in  which,  because  of  in- 
sufficient circulation,  the  supply  of  oxygen  is  inadequate,,  A  suitable 
example  of  this  is  the  respiration  of  bait  fish  confined  in  a  bait  wello 

The  author  experimented  on  this  point  early  in  September,  1932,  a4- 
the  Kanagawa  Prefecture  Misaki  Marine  Laboratory,  using  a  tank  for 
physiological  experiments  on  fish,  described  below,  of  his  own  design ,*U 

This  tank  was  made  of  wood  and  was  4,95  shaku  long  and  1,65  shaku 
in  both  width  and  height  (internal  dimensions)  £_  1  shaku  s  0.994  foot  'Jfm 
It  was  divided  into  three  equal  compartments  by  partitions  which  could  be 
freely  opened  or  closed  from  the  outside,  according  to  the  object  of  the 
experiment o  Each  compartment  had  a  glass  observation  window  with  a  door, 
a  tap  for  sampling  the  water,  a  thermometer,  and  other  instruments. 


I9  Various  valuable  advice  was  received  from  Mr„  Nobunari  Kawamoto „ 

lie  There  is  an  interesting  study  by  Kawamoto  on  abnormal  respiration  of 
fishes  when  being  transported  alive, 

IIIo  In  planning  this  tank  I  received  valuable  advice  from  Dr„  Morisaburo" 
Tauchio  In  the  experiments  I  was  assisted  by  Mr,  Hidematsu  Tckunaga, 
a  member  of  the  staff  of  the  Station,  The  details  of  the  construc- 
tion of  the  tank  and  the  method  of  operating  it  will  be  reported  at 
some  future  time. 


The  left  and  right  chambers  were  equipped  with  electric  heating  devices, 
cooling  devices,  and  agitators „  The  tank  was  filled  with  sea-water,  the 
cover  was  tightly  closed  so  as  to  prevent  contact  with  the  air,  the  sar- 
dines which  were  to  be  tested  --  Sardinia  melanosticta  that  had  been  in 
captivity  for  two  days  were  used  ~  were  placed  in  the  tank,  and  as  the 
sardines  consumed  the  limited  free  oxygen  in  the  water  and  until  they 
began  to  respire  with  difficulty,  water  samples  were  drawn  off  from  time 
to  time  (from  the  sampling  tap  using  a  force  pump) ,  and  the  degree  of 
diminution  of  free  oxygen  was  determined  by  Winkler's  method,, 

In  the  following  Table  1,  Table  2,  and  Table  3  the  average  number 
of  fish  is  10,  and  the  average  total  weight  is  265  gnu   In  the  experiments 
recorded  in  Table  4,  Table  5,  and  Table  6  these  amounts  were  about  doubled, 
that  is,  the  average  number  of  fish  was  20  and  their  average  total  weight 
was  556  grtic  The  duration  of  the  experiment  was  until  all  of  the  fish 
being  tested  showed  marked  difficulty  in  breathings  In  the  case  of  the 
first  experiment  it  was  three  hours,  and  in  the  later  experiment  it  was 
one  hour  and  thirty  minutes..  The  amount  of  free  oxygen  is  shown  as  the 
number  of  cubic  centimeters  contained  in  1  liter  of  sea-water- 

The  diminution  of  free  oxygen  which  gave  rise  to  abnormal  respira- 
tion, as  shown  in  each  table,  is  shown  graphically  in  the  following 
figures*  In  the  first  three,  that  is,  in  Figures  1,  2,  and  3  corres- 
ponding to  Tables  1,  2,  and  3,  the  slope  of  the  curves  is  gentle.  In  the 
latter  three,  that  is,  in  Figures  4,  5,  and  6,  corresponding  to  Tables 
4,  5,  and  6,  they  are  steep.  It  can  be  seen  that,  regardless  of  the 
steepness  of  the  curves,  the  values  for  the  concentrations  of  free 
oxygen  that  produced  difficult  respiration  are  all  roughly  equal.  It  can 
be  seen  clearly  that  in  the  case  of  tne  latter  three,  which  involved 
nearly  double  the  number  of  fish  (total  weight)  of  the  first  three  experi- 
ments, the  oxygen  was  consumed  and  the  difficult  breathing  appeared  with 
nearly  twice  the  speed  shown  in  the  first  three 0  The  author  has  observed 
and  reported  on  the  same  relationship  in  the  case  of  mixed  groups  of 
sardines  and  anchovies<,4) 

Accordingly,  if  the  number  (total  weight)  of  bait  fish  kept  in  a 
bait  tank  is  increased,  either  the  amount  of  water  circulated  must  be 
amplified,  or  other  appropriate  means  must  be  employed  to  supply  enough 
free  oxyger;  - 

b)  Lethal  level  of  free  oxygen 

In  the  preceding  section  it  has  been  described  how  the  sardines  begin 
to  breathe  abnormally  as  they  consume  the  limited  free  oxygen  in  sea-water 
by  their  respiration,  and  how  the  concentration  of  oxygen  finally  gets  so 
thin  that  it  will  not  support  life*  This  section  reports  the  results  of 
experiments  on  the  concentration  of  free  oxygen  insufficient  to  support  life, 

The  experiments  were  carried  out  in  the  latter  part  of  August,  1932, 
and  in  late  December,  1933,  at  the  Kanagawa  Prefecture  Misaki  Marine 
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Laboratory  and  on  the  coast  at  Mitsu,  Tagata-gun,  Snizuoka  Prefecture. 
Materials  used  were  sardines  and  anchovies.   It  would  have  been  all  right 
to  have  used  the  same  method  as  that  employed  in  the  experiments  described 
in  the  preceding  section,  placing  the  fish  in  a  perfectly  tightly  closed 
container  of  sea-water  of  a  definite  volume,  leaving  them  until  they 
died  of  a  lack  of  free  oxygen,  and  then  determining  the  oxygen  content  at 
the  time  the  fish  died,  however,  the  point  to  be  particularly  noted  here 
is  that  there  is  considerable  variation  in  the  resistance  to  oxygen 
deficiency  as  between  individuals  and  between  different  sizes  of  fish 
(see  Table  7).  Therefore  when  a  large  number  of  bait  fish  are  suffocated 
at  one  time  and  an  attempt  is  made  to  determine  the  lethal  level  of 
oxygen,-^  in  the  end  the  fisn  with  the  highest  resistance  are  left  alive. 
Consequently  the  value  for  the  lethal  oxygen  level  obtained  at  this  time 
is  thought  to  be  inaccurate  for  tnese  fish,  Tnerefore  the  author  made 
several  score  experiments  on  individual  fish  using  a  bowl-shaped  glass 
vessel  of  known  capacity  as  shown  in  Figure  7,  This  glass  was  placed 
in  the  water  in  a  vessel  of  large  size  in  which  a  number  of  bait  fish  had 
already  been  released..  Then,  taking  care  not  to  excite  the  fish,  one 
was  caught  inside  the  vessel  and  it  was  quickly  sealed  by  a  cover  ground 
to  fit  perfectly.  The  experiment  was  then  kept  under  close  observation 
until  the  fish  suffocated.  When  it  was  completely  suffocated,  the  vessel 
was  removed,  shaking  it  during  the  removal,  the  cover  was  taken  off, 
and  the  water  was  immediately  sampled   The  water  temperature  and  the 
free  oxygen  content,  were  determined,  and  by  repeating  such  experiments 
several  score  times  and  finding  the  average  values  the  lethal  level  of 
free  oxygen  for  bait  fish  was  obtained. 

At  this  time,  in  order  to  judge  accurately  the  instant  of  suffoca- 
tion of  the  fish,  care  must  be  paid  to  the  following  items   When  the  fish 
is  first  shut  up  in  the  glass  bowl,  it  immediately  becomes  more  or  less 
agitated,  but  with  the  passage  of  time  it  settles  down  and  as  it  does  so 
its  breathing  rate  returns  to  normal  and  becomes  about  60  per  minute 
(in  the  case  of  the  sardine) .  However,  as  tne  concentration  of  free 
oxygen  becomes  thinner  and  approaches  the  lethal  point  the  fish  again 
becomes  excited  and  shows  marked  uneasiness  and  restlessness.  The  rate 
of  respiration  exceeds  100  per  minute,  showing  the  so-called  hyperpnoe. 
In  a  bait  tank  at  this  time  tne  fish  stick  their  snouts  above  the  surface 
of  the  water  in  the  so-called  hanaage  /~nose-raising_7.  When  the  oxygen 
is  gone  and  the  lethal  level  is  finally  reached,  the  fish  are  almost 
still,  the  depth  of  respiration  is  great,  and  tne  breatning  rate  diminishes 
greatly  to  2  -  3  per  minute,.  Then  the  fish  appears  to  be  unconscious, 
lies  on  its  side,  and  the  only  movement  that  it  makes  is  to  bend  its  body 
to  the  left  and  right  from  time  to  time,  in  many  cases  with  the  mouth 
wide  open,  Wnen  this  condition  is  reached  respiration  by  means  of  the 
gills  has  already  completely  ceased,  and  consequently  the  sardine  no 
longer  consumes  the  free  oxygen  in  the  water.  Thereafter  the  fish 
carries  on  so-called  airless  breathing,  and  according  to  the  studies  of 


IV,  Technician  Kinosuke  Kimura  is  carrying  on  experiments  by  this  method. 
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A  -  large  vessel 

B  -  thermometer 

C  -  water  pipe 

D  -  platform 

E  -  small  glass  vessel 

F  =  glass  plate 

G  -  fish 

H  -  sea  water 
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Tbriu '  at  this  time  probably  the  oxygen  within  the  swimbladder  (which  in 
the  sardine  is  connected  to  the  cecum  of  the  stomach  by  a  ductus  pneumati- 
cus)  or  the  oxygen  produced  by  the  breakdown  of  the  tissues  is  consumed. 
Soon  there  are  several  spasms  of  the  eyeballs,  pectoral  fins,  and  ventral 
fins  in  th~t  <^rder,  ^ro-:  '   -  frcrr  the  h^ad  toward  the  tail,  and  the 
fish  is  finally  completely  dead0  A  peculiarity  of  the  rigor  mortis  of 
the  dead  fish  is  that  ordinarily  those  which  have  their  mouths  open 
are  somewhat,  more  numerous  than  those  which  have  them  closed,  however, 
there  is  no  such  interesting  relationship  as  that  seen  in  Hypomesus 
olidus  during  the  spawning  season,  when  the  males  die  with  their  mouths 
open  and  the  females  die  with  theirs  shut*7) 

The  lethal  levels  of  free  oxygen  determined  by  this  method  for 
sardines  and  anchovies  are  shown  in  the  following  tables.  As  can  be 
seen  from  these  tables,  the  values  for  the  lethal  level  of  free  oxygen 
differ  more  markedly  as  between  individuals  than  in  relation  to  the  water 
temperature  at  the  time  of  the  experiment „  For  Sardinia  melanosticta 
the  lowest  value  per  liter  was  1„20  cc,  and  the  highest  was  2„92  cc.  For 
Engraulis  japonicus  the  lowest  was  1.24  cc  and  the  highest  was  2,77  cc. 
However,  if  these  are  averaged  the  lethal  quantity  for  the  sardine  is 
about  2  cc  per  liter,  which  can  be  seen  to  be  somewhat  lower  in  the  case 
of  the  anchovy.  This  means  that  if  water  circulation  in  the  bait  well 
is  carried  on  so  that  there  will  be  at  all  times  a  free  oxygen  content  of 
3  cc  or  more  per  liter,  the  lives  of  the  bait  fish  can  be  absolutely 
guaranteed  as  regards  oxygen  deficiency „ 

When  we  come  to  a  discussion  of  the  consumption  of  free  oxygen  in 
respiration,  we  naturally  have  to  take  into  consideration  the  increase 
in  carbonic  acid  gas,  but  in  brief  experiments  like  those  described 
above  the  accumulation  of  carbonic  acid  gas  has  far  less  ill  effects  on 
the  organism  than  nas  the  rapid  diminution  of  oxygen,,  Even  supposing 
that  the  operation  took  place  over  a  long  period  of  time,  in  a  bait 
tank  with  a  plentiful  circulation  of  water  it  would  be  absolutely  impos- 
sible for  the  accumulation  of  carbonic  acid  to  cause  the  death  of  bait 
fish.  For  this  reason  it  was  decided  to  leave  for  another  time  the 
performing  of  experiments  on  the  effect  of  the  accumulation  of  carbonic 
acid  gas  on  bait  fish„ 

c)  Comparative  studies  of  the  capabilities  of  the  new  and  old  types  of 
bait  tanks  in  regard  to  free  oxygen  deficiency 

The  amount  of  water  is  greater  in  the  new-style  bait  tank,  in 
which  the  water  is  circulated  positively  by  a  pump,  than  in  the  type 
used  hitherto,  where  the  only  water  circulation  is  that  supplied  by  the 
movements  of  the  hull.  It  can  be  affirmed  on  the  basis  of  the  reports 
of  this  Station  that  in  the  future  the  number  of  bait  fish  that  can  be 
held  will  be  doubled  with  little  danger  of  a  deficiency  of  free  oxygen, 
however,  the  author  wishes,  in  this  section,  to  report  the  results  of 
further  experiments  to  show  how  superior  the  capabilities  of  the  new- 
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style  tank,  with  pump  circulation,  are  over  the  old  type$,  particularly 
from  the  point  of  view  of  the  lack  of  free  oxygen . 

The  figures  shown  in  Table  9  are  the  results  of  experiments  in  the 
new  bait  tanks  of  the  Fuji  Maru»  Because  this  was  the  very  beginning  of 
the  tests  and  the  operators  were  unfamiliar  with  the  equipment,  a  great 
quantity  of  bait  was  too  quickly  placed  in  the  tank  at  one  time,  and  the 
spray  pump  was  not  used,  so  the  excited  fish  congregated  densely  near  the 
surface,  and  the  increased  circulation  was  almost  without  effect,,  Barely 
30  minutes  after  the  fish  were  placed  in  the  tank  the  free  oxygen  concen- 
tration had  fallen  far  below  the  lethal  level  for  sardines  and  anchovies, 
and  all  of  the  bait  quickly  suffocated  and  perishedo 

This  indicates  that  when  placing  bait  fish  in  the  tanks  one  should 
avoid  putting  a  great  number  in  at  one  time,  and  the  spray  pump  should  be 
utilised  fully  to  prevent  the  fish^,  immediately  after  they  have  been 
placed  in  the  tank,  from  congregating  densely  near  the  surface  and  creating 
a  localized  lack  of  free  oxygen0 

t 

The  experiments  shown  in  Table  9  utilized  new  "wild"  bait  fish 
while  the  results  of  previous  experiments  using  tame  bait  were  as  shown 
in  Table  10c  Because  the  fish  had  become  accustomed  to  confinement  in  a 
net  live-pound  and  the  number  put  into  the  tank  was  comparatively  few, 
not  many  of  the  sardines  crowded  together  near  the  surface  when  they  were 
placed  in  the  tank,  and  so,  even  though  the  spray  pump  was  not  used,  and 
the  free  oxygen  content  30  minutes  after  the  fish  had  been  put  in  the 
tank  was  only  a  thin  2o70  cc  per  liter ,  as  the  fish  settled  down  the 
effectiveness  of  the  pump  circulation  was  apparent,  the  free  oxygen  in- 
creased quickly j,  and  it  was  possible  to  complete  the  experiment  without 
mishapo 

From  the  two  examples  cited  above  it  will  be  seen  that  when  bait  fish 
are  held  in  a  new  pump-type  bait  tank,  the  oxygen  supply  must  be  made 
ample  during  the  first  hour  or  so  when  the  fish  are  excited  and  liable 
to  crowd  together  near  the  surface  and  that  thereafter  there  is  absolutely 
no  need  to  worry  about  a  lack  of  free  oxygen.,  On  the  other  hand,  in  the 
old-fashioned  bait  tanks  used  hitherto,,  which  depend  wholly  on  natural 
circulation,  even  though  it  is  possible  to  get  the  bait  into  the  tank 
safely  in  the  first  place,  if  the  motion  of  .the  vessel  becomes  slight,  it 
often  happens  that  because  of  insufficient  oirculation  a  lack  of  free 
oxygen  develops  and  the  fish  begin  to  stick  their  noses  out  of  the  water. 
In  Tables  12  and  13  are  shown  the  results  of  actual  tests  in  which  the 
new  and  old  style  tanks  of  the  Fuji  Maru  were  compared  by  putting  into 
them  an  approximately  equal  number,  in  relation  to  their  respective 
water  capacities,  of  wild  bait  fish  caught  5  hours  before  and  then 
cruising  for  a  long  period  of  time  in  the  calm  waters  of  Suruga  Wan» 

As  can  be  seen  from  these  two  tables,  in  both  cases  good  success 
was  attained  in  reducing  to  a  very  great  extent  the  diminution  of  free 
oxygen  in  the  critical  first  hour  after  the  fish  were  placed  in  the  bait 
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Table  9 


Date  of 

Experiment 

Octo  1s   1951 

Time  elapsed  after 
fish  were  placed 
in  tank 

Min 
0 

25 

30 

Species 

Mixed  sardines 
and  anchovies 

Free  oxygen 
concentration 

cc/l 
5.21 

1.49 

0.96 

Quantity 
of  fish 

599^000  gnu 

Water  temperature 

22.0 

22.1 

22.1 

Time  elapsed 
since  capture 

9  hours  30  min 

Notes 

all 
suffocated 

Table  10 


Date  of 
Experiment 

Oct.  5 s  1931 

Time  elapsed  after 
fish  were  placed 
in  tank 

Min 
0 

30 

Hour 
1 

3 

Species 

Mixed  sardines 
and  anchovies 

Free  oxygen 
concentration 

cc/l 
5.24 

2.70 

3.20 

3.89 

Quantity 
of  fish 

592^700  gm„ 

Water  temperature 

°C 

22.0 

22.0 

22.0 

22.0 

Time  elapsed 
since  capture 

2  days  18  hours 

Notes 

17 


r-i 

to 

! 

1 

-P 

•H 
crt 

CD 

a 

to 

1 

rH   $ 

rH    O 

•<H    0) 

<M 

O  =m 

c  <u 

^ 

OS 

j 

C\> 

CO 

c 

I 

1    S 

to 

0 

1 

rH 
ft 

o 
to 

H 

■ 

1 

m 
I 

3s 

c 

to 

o 

1 

-P 
-P 

c 
a> 
6 

•r* 

t- 

0) 

cv 
H 

Time  elapsed  after 
fish  were  placed 
in  tank 

Free  oxygen 
concentration 

CD 

■p 

CD 

U 

0) 

a, 
a 

+3 
M 

0) 

■p 

CD 

03 

0) 

-p 
o 

s 

i-l 
X> 
CD 

H 

CO 
CO 

cv 

CD 

s 

03 
0) 

c 

•H 
T3 
U 
CD 

to 

(60  scoops) 
935,520  gnu 

03 
O 
LO 

■p 

c 

cm   e 

O    -H 

u 

-P    D- 

03 
<D 
•H 
O 
0) 

o. 
en 

>> 
■p  xS 

-H    « 
-P  -H 

H^ 

cy  o 

Time  elapsed 
since  capture 

"J3 


-p 
•h 

cO 
CQ 

(D 

>» 

-p 

03 

j 


-G 
+3 

•H 

-P 

c 
<u 

s 

•H 

M 

0) 


to 

H 


CD 


14  -  30 

to 
en 

CO 

1 

o 

i] 

CO 

t> 

— ( 

A 

1 

6  c  o 

9 

1 

CO 

1-1 

1 

•3  ° 

0 

M   H 

eg 

CO 

o 

1 

O 

to 

CO 

0 

1 

r-H 

o 

1 

Time  elapsed  after 
fish  were  placed 
in  tank 

Free  oxygen 
concentration 

-p 
cO 

H 

(13 

O, 

e 

(13 
-P 

u 

CD 

-P 
cO 

03 
03 
■P 
O 

s 

CO 
CD 

to 

03 
CD 

c 

•H 
T3 

M 

CO 
03 

(40  scoops) 
623,680  gm, 

03 

Ei 

o 

Date  of 
Experiment 

03 
0) 

•H 
O 
0> 
CL, 

CO 

■H    W 
P  -H 
C  <H 
CO 

<y  o 

Time  elapsed 
since  capture 

18 


tank.  This  is,  after  all,  wortny  of  attention  as  it  tells  realistically 
of  the  improvement  in  handling  methods  obtained  from  the  experience  of  a 
few  experiments.  After  the  bait  was  thus  safely  got  into  the  tanks, 
the  vessel  cruised  around  Suruga  Wan  for  a  few  hours,  but  about  8  hours 
after  the  fish  had  been  placed  in  the  tanks  the  surface  of  the  sea  became 
as  calm  as  an  oil  slick  and  the  boat's  motion  almost  ceased.   Circulation 
in  the  old-style  tank  was  insufficient  and  the  free  oxygen  content  fell 
below  the  lethal  level  indicated  by  the  basic  experiments  to  as  little 
as  1»17  cc  per  liter  with  the  result  that  many  of  the  fish  lifted  their 
snouts  out  of  the.  water ,  The  new-style  bait  tank,  on  the  other  hand,  in 
readings  taken  at  about  the  same  time  snowed  tne  extremely  superior 
value  of  5,01  cc  of  i'ree  oxygen  per  liter, 

The  facts  recorded  above  tell  now  much  superior  the  new  bait  tank  with 
pump-type  circulation  is  simply  from  the  point  of  view  of  free  oxygen. 

Death  from  Sudden  Cnanges  in  Temperature 

Because  fishes  are  poikilothermic  animals,  their  body  temperature 
is  easily  affected  by  the  temperature  of  the  surrounding  water,  and  is 
raised  or  lowered  by  the  conduction,  radiation,  and  convection  of  heat, 
but  there  are,  of  course,  limits  of  hign  and  low  temperature  beyond 
which  they  cannot  exists  These  limiting  values  appear  to  vary  quite  a 
bit  with  the  species  of  fish,  but  it  any  rate  if  these  limits  are  passed, 
the  fish  cannot  survive.  For  this  reason  tnere  are  quite  a  few  cases 
in  which,  when  bait  fish  have  been  loaded  into  tne  bait  tanks  and  the 
vessel  has  headed  for  the  skipjack  grounds  of  the  South  Seas,  the  vessel 
has  unwittingly  entered  a  zone  of  water  temperatures  higher  than  the  fish 
can  withstand  and  the  precious  bait  has  been  killed  off,  or  wnere  fish 
held  in  caotivitv  in  sheltered  waters  have  been  damaged  by  a  sudden  drop  in 

T7TT 

water  temperatures  in  the  winter  V-L-L 

In  the  case  of  the  former,  the  plan  of  temporarily  cooling  the 
sea-water  in  the  bait-tanks  and  trying  to  get  out  of  the  danger  zone  has 
been  proposed  by  this  Station  already,  and  at  the  Taiwan  Fisheries 
Experiment  Station  they  are  already  planning  to  put  this  into  effect,  but 
the  problem  which  naturally  arises  here,  is  to  find  out  how  high  and  how 
low  the  lethal  temperatures  for  bait  fisn  are  and  now  they  are  affected  by 
sudden  changes  in  water  temperature.. 

The  resistance  of  fisnes  to  high  temperatures  has  been  studied  by 
Day, 9)  KnauthelO) ,  and  Hath  away J-l)  while  their  resistance  to  low  tempera- 
tures has  been  reported  on  by  Dutrochet}2)  Heath}3)  and  Carter^)  <,  On  the 
sardine,  however,,  there  is  nothing  aside  from  some  extremely  simple  notes 
in  Dre  Kishinouye's  study 15)  on  the  ecology  of  tne  sardine. 

Therefore  the  autnor,  in  the  early  part  of  November,  1934,  and  the 
latter  part  of  June,  1935,  at  Mitsu  Beach  in  Tagata-gun,  Shizuoka 


VII*  According  to  the  testimony  of  Yuzo  Masuda,  Haruo  lamamoto,  and  other 
operators: 

19 


Prefecture  using  sardines  and  anchovies^,  and  experimenting  in  the  natural 
order,  attempted  to  find  first  whether  or  not  the  sardine  is  completely- 
lacking  in  the  ability  to  regulate  its  body  temperature ,  and  then  to  what 
extremes  of  high  and  low  temperature  the  sardine  can  maintain  life, 

a)  Chemical  evidence  of  the  fact  that  the  sardine  does  not  have  the  faculty 
of  regulating  its  body  temperature^!!! 

In  the  homiothermie  animals,  from  the  birds  on  up,  the  temperature 
center  is  supposed      Ln  and  around  the  tuber  sinereum  of  the  hypo~ 
thalamus  behind  the  hypophysis,,  The  fact  that  when  this  area  is 
subjected  to  cold  and  heat  stimuli  it  brings  about  a  raising  or  lowering 
of  the  body  temperature  has  been  gradually  revealed  on  the  basis  of  the 
cooperative  studies  of  Isenschmid  and  KrehlJ-6)a  Furthermore,  according 
to  Meyer^'^  aninu     dch  have  a  body  temperature  regulating  center 
develop  fever  when  injected  with  sympathetic  nerve  poisons  and  when 

parasympathe      e  poisons  are  injected,  their  body  temperature  goes 

down  ■==  an  interesting  facto  Because  of  this  tne  author  decided  to  leave 
the  anatomical  study  of  the  temperature  center  to  some  future  time  and  to 
determine  by  Meyer's  method  tnrough  the  reactions  to  injections  of  nerve 
poisons  whether  after  all  the  sardine  lacks  the  capacity  to  regulate  its 
body  temperature,  or  in  other  words,  whether  the  sardine  does  not  after 
all  nave  a  temperature  center,, 

First  of  all  subcutaneous  injections  were  made  in  sardines  using 
very  small  amounts  (0,2  -  1,0  cc)  of  a  5$  solution  of  the  hydrochlorate 
of  ac=tetrahydro=^=napntylamin,  a  chemical  which  markedly  excites  the 
temperature  center  in  the  diencephalon  and  other  sympathetic  nerve 
ganglia  and  brings  about  centrally  tne  production  of  high  fever,  of  very 
small  amounts  (0^2  =  0o5  cc)  of  a  quadruple  solution  of  the  hydrochlorate 
of  adrenalin,  which  operates  centrally  and  peripherally  to  cause  fever, 
and  of  very  small  quantities  (average  0,5  cc)  of  pituitrin,  which  works 
centrally  to  lower  tne  body  temperature*  After  injection  the  body 
temperature  was  determined  by  inserting  a  fish  body  temperature  thermo~ 
meter  into  the  esophagus  (this  is  a  mercury  thermometer  with  a  fine, 
more  or  less  curved  tube  and  a  scale  which  can  be  read  to  an  accuracy 
of  001°C,  manufactured  by  the  physical  and  Chemical  Instrument  Manufacturing 
Corp0)°  As  a  result,  of  repeating  these  experiments  several  score  times 
it  became  clear  that  the  body  temperature  of  sardines  cnanges  with  the 
temperature  of  the  surrounding  water  and  aside  from  that  such  drugs 
cause  absolutely  no  rise  or  fall  in  the  body  temperature,  that  is,  no 
pharmacological  changes  in  the  body  temperature  can  be  detected*  However, 
the  author  would  like  to  note  here  his  misgivings  on  the  score  that  even 
supposing  that  a  slight  fever  had  been  produced  oy  the  action  of  the 
above-mentioned  drugs,  it  would  probably  have  been  impossible  to  detect 
it  because  it  would  have  been  immediately  dissipated  by  the  conduction 
and  radiation  of  the  heat,  Nevertheless,  if  there  nad  been  any  fever 
produced  by  the  drugs,  such  fever  would  ordinarily  have  continued  over  a 
rather  long  period  of  time,  and  even  though  the  degree  of  fever  might  be 
slight,  its  accumulation  should  reach  an  amount  which  could  be  measured, 

VIII.  The  kind  assi  ;chi  cian  Migita  and  Attache  Komoda  was 

obtained  in  the  preparation  of  enemicais  and  in  other  work. 
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More  accurate  conclusions  will  be  reached  after  the  above -described 
experiments  have  been  repeated  at  another  suitable  opportunity  using  a 
thermocouple „  —  Accordingly  it  can  be  presumed  with  a  fair  degree  of 
certainty  that  fishes,  or  at  least  sardines^  do  not  have  a  heat  or  cold 
center.  In  other  words,  we  can  affirm  that  it  is  actually  impossible  for 
sardines  to  adjust  their  body  temperature  to  a  level  which  differs  from 
the  temperature  of  the  envirorjner^ 

b)  Resistance  to  high  and  low  water  temperatures 

The  experiments  described  in  the  preceding  section  have  shown  how 
the  surrounding  water  temperature  controls  the  body  temperature  of  the 
sardine s  but  the  sardine  is  a  living  creature  and  therefore  has  its  own 
particular  limits  of  water  temperature  within  wnich  it  can  exist,  The 
author  performed  the  following  experiments  to  find  these  limits  and  the 
resistance  of  bait  fish  to  sudden  changes  in  water  temperature. 

The  experimental  tanks,  as  shown  in  Figure  8,  were  two  wooden  boxes 
100  cm  long  by  60  cm  wide  by  60  cm  deep.  One  was  used  for  the  experiment 
and  the  other  for  the  control.  Both  had  an  opening  for  the  water  supply 
pipe  in  the  middle  lower  portion,  and  a  drain  10  cm  from  the  upper  edge. 
Mercury  thermometers  were  inserted  at  two  opposite  corners,  One  of 
these  tanks  was  connected  by  a  siphon  to  a  reservoir  through  a  temperature 
regulator  which  could  cool  or  heat  the  sea  water  to  the  proper  temperature. 
The  control  tank  was  connected  directly  with  the  reservoir  without  passing 
through  the  regulator. 

With  such  equipment  a  suitable  supply  of  sea  water  was  constantly 
drawn  from  the  reservoir  and  supplied  to  both  tanks.  At  the  same  time 
20  each  of  sardines  and  anchovies  were  transferred  as  speedily  as  possible 
from  the  net  live=pound.  The  resistance  to  high  and  low  temperatures  was 
tested  three  times  at  each  temperature  with  the  following  results, 

1)  Resistance  to  high  temperatures 

To  put  it  in  different  words,  this  experiment  was  to  find  out  how 
much  of  a  sudden  rise  in  water  temperature  is  required  to  kill  bait  fish 
which  are  living  at  a  normal  temperature,  According  to  Table  14,  when 
sardines  which  at  the  time  of  the  experiment  were  living  in  sea  water  of 
about  22°C  were  transferred  directly  into  an  experimental  tank  having  a 
water  temperature  of  28°C  there  was  only  10  =  15$  mortality  in  the  course 
of  three  hours.  Table  15,  however^,  shows  that  wnen  sardines  living  under 
almost  the  same  conditions  were  transferred  directly  to  an  experimental 
tank  having  a  water  temperature  of  30°Cj,  there  was  within  1  hour  and  30 
minutes  a  mortality  of  65  /"sic.  Should  be  95, J  -  100$,  a  result  almost 
equivalent  to  total  destruction. 

With  anchovies  which  were  taken  at  the  same  time  as  the  above-mentioned 
sardines  and  which  after  capture  were  kept  in  the  same  net  live-pound 
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there  was,  as  is  shown  in  Table  16,  only  10  -  30$  mortality  in  an  experi- 
ment which  continued  for  3  hours  at  30°C.  As  Table  17  shows,  a  mortality 
rate  approaching  total  destruction  was  obtained  only  as  the  result  of  an 
experiment  of  an  hour  and  a  half's  duration  at  the  high  temperature  of 
32°C. 

Looking  at  these  results  it  can  be  seen  that  anchovies  have  greater 
resistance  to  high  water  temperatures  than  have  sardines,, 

2)  Resistance  to  low  temperatures 

According  to  Table  18 ,  when  sardines  which  at  the  time  of  the 
experiment  were  living  in  sea  water  with  a  temperature  of  about  22°C  were 
transferred  directly  into  an  experimental  tank  with  sea  water  at  the  low 
temperature  of  8°C,  there  were  no  deaths  even  after  three  hours  and  a 
half,  andj  as  Table  19  shows,  even  when  they  were  placed  in  a  tank  with 
sea  water  at  6°C,  there  was  only  5  -  10$  mortality  after  three  and  a 
half  hours o   However,  the  anchovies  which  were  taken  at  the  same  time 
as  these  sardines  and  which  were  kept  after  capture  in  the  same  holding- 
net,  had  a  mortality,  as  shown  in  Table  20  and  Table  21,  of  25  -  30$  at  a 
water  temperature  of  8°C  (which  had  caused  no  mortality  at  all  among  the 
sardines) . 

Looking  at  these  results  it  can  be  seen  that  sardines  have  greater 
resistance  to  low  water  temperatures  than  have  anchovies. 

According  to  these  experiments,  the  anchovy  can  resist  high  tempera- 
tures (sudden  rises  in  water  temperature)  better  than  the  sardine,  and 
the  sardine  can  resist  low  water  temperatures  (sudden  drops  in  water 
temperature)  better  than  the  anchovy,  Tne  range  of  livable  water  tempera- 
tures is  about  7°  -  29°  for  the  sardine  and  11°  -  31°  for  the  anchovy. 

These  are  the  results  of  experiments  with  bait  fish  from  the  Pacific 
coast  of  central  Honshu  made  during  early  summer  when  the  sea  water 
temperature  was  approximately  22°C,  and  it  may  not  be  possible  to  apply 
them  generally.  At  a  different  season,  with  fish  from  a  different 
locality,  or  with  fish  which  had  been  adapted  to  gradual  changes  in 
temperature,  it  is  thought  that,  if  we  follow  Loeb's  theory  of  immuniza- 
tion to  temperature  changes,  the  fish  would  be  able  to  survive  somewhat 
higher  and  somewhat  lower  (the  possibility  is  greater  in  the  case  of  the 
latter)  temperatures  than  the  results  of  these  experiments  indicate.  At 
any  rate  these  results  are  well  supported  by  the  fact  that  the  most 
experienced  operators  say  that  sardines  are  weak  at  high  temperatures  and 
strong  at  low  ones  while  anchovies  are  just  the  opposite,  and  the  fact 
that  generally  sardines  are  distributed  in  the  cold  northern  regions  while 
anchovies  are  found  in  the  warm  south. 

Next  I  shall  attempt  to  say  a  word  concerning  the  condition  in  which 
bait  fish  die  of  such  sudden  changes  in  water  temperature  and  the  reasons 
for  this  mortality. 
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Wnen  the  temperature  first  rises  sharply,  the  movement  of  the  fish 
generally  becomes  more  rapid  and  the  respiration  increases  (as  the  water 
temperature  rises  the  amount  of  saturation  of  free  oxygen  decreases, 
and  the  situation  therefore  gradually  becomes  disadvantageous  to  the  bait,, 
When  bait  fish  which  were  carried  in  the  old-fashioned  bait  tank  with 
its  poor  water  circulation  encountered  a  zone  of  high  water  temperatures, 
they  could  hardly  escape  the  bad  effects  of  oxygen  deficiency) ,  As  the 
temperature  rises  and  the  amount  of  respiration  increases,  the  amount  of 
combustion  within  the  body  also  increases  „  At  this  time^,  if  the  water 
temperature  goes  to  a  lethal  level,  the  bait  fish  immediately  begin  to 
run  about  wildly,  and  some  bend  the  middle  portion  of  their  bodies 
strongly  from  time  to  time,  while  others  are  seen  to  project  their  noses 
above  the  water  and  others  leap  clear  out  of  the  water,.  Finally  they 
begin  to  die  off,  the  least  resistant  ones  first,,  This  type  of  death 
from  high  water  temperatures  is  probably,  as  Mayerl^)  says,  the  result  of 
the  accumulation  of  H2CO5  in  the  tissues „  There  have  not  yet  been  any 
cases  of  heat  rigor  at  the  experimental  temperatures  mentioned  above. 

If  the  water  temperature  drops  sharply,  the  bait  generally  begins 
to  swim  slowly  and  the  amount  of  respiration  decreases „  If  the  temperature 
falls  to  a  lethal  level  at  this  time,  the  fish  gradually  become  quieter, 
some  begin  to  lie  on  their  sides  from  time  to  time,  and  finally  they 
begin  to  die,  the  least  resistant  ones  first.  However,  the  cause  of  death 
in  this  case  is  not  as  clearly  apparent  as  with  the  high  temperatures, 
and  it  is  probably  paralysis  of  the  sinus  venosus  of  the  heart*, 20) 

Death  from  Wounds 

In  the  foregoing  sections  I  have  dealt  with  mortality  due  to  lack  of 
free  oxygen  and  mortality  resulting  from  sudden  rises  and  falls  in  the 
water  temperature,  both  of  which  become  lethal  in  an  extremely  short 
space  of  time,,  In  this  section  I  will  deal  with  mortality  due  to  wounds, 
that  is,  the  type  of  mortality  that  results  from  injuries  received  at  the 
time  of  capture,  at  the  time  the  fish  were  placed  in  the  bait  tank,  or 
thereafter,  whicn  in  many  cases  causes  death  and  becomes  apparent  only 
after  the  passage  of  a  long  period  of  time,  a  type  of  mortality  which  can 
occur  most  easily  and  whicn  is  rather  difficult  to  diagnose,, 

When,  as  has  been  done  hitherto,  bait  fish  which  have  been  kept  for 
some  time  in  a  holding  net  in  sheltered  waters  were  loaded  into  the  bait 
tank,  this  type  of  mortality  had  already  been  liquidated  in  the  holding 
net  and  so  it  never  became  much  of  a  problem,  but  when,  as  at  present, 
bait  that  has  just  been  captured,  that  is,  wild  bait,  is  immediately 
transported  in  the  boats,  a  good  deal  of  economic  loss  can  result  if 
sufficient  attention  is  not  paid  to  this  type  of  mortality,,  There  are, 
however,  absolutely  no  reports  of  studies  designed  to  deal  with  this 
problem,  and  therefore  the  author  nas  attempted  the  following  investiga- 
tions concerning  tne  mortality  resulting  from  wounds  to  bait  fish,  copying 
the  method  of  classification  used  for  wounds  to  human  beings«IX 

VIII„  Csic]  According  to  the  teachings  and  writings  (21,22)  of  Professor 
Sadanori  Mita. 
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a)  Major  wounds 

These  are,  as  shown  in  Plate  I,  such  large  injuries  as  the  loss  of 
eyes,  lower  jaw,  opercle,  or  head,  the  breaking  of  the  trunk,  and  the 
exposure  of  the  viscera,  and  almost  all  of  the  injuries  of  this  type  are 
caused  when  the  fish,  at  the  time  of  their  capture,  in  struggling  to 
escape  crowd  together  at  the  lead  line  and  are  pinched  in  the  net.  Many 
of  these  fish  die  immediately,  but  in  point  of  numbers  these  are  not  more 
than  1  =  2%   of  the  fish  that  are  capturedo  When  these  dead  fish  are 
placed  in  the  bait  well  along  with  the  other  healthy  bait,  they  putrefy 
and  pollute  the  water^  and  for  this  reason  they  should  be  got  rid  of  as 
soon  as  possible0 

The  author  gathered  up  from  a  bunch  of  anchovies  taken  for  bait 
purposes  in  a  lift  net  off  the  Kamogawa  in  Chiba  Prefecture  on  July  3,  1933, 
all  which  had  received  major  wounds  in  the  net,  and  made  a  study  of  the 
location  of  their  wounds „  Out  of  45  fish  selected  at  random,  30  had  the 
viscera  exposed  by  pressure  on  the  belly,  19  had  lost  eyes,  and  18  had 
lost  their  opercles0  Fish  with  the  heads  missing  and  the  trunk  broken 
were  found  to  be  comparatively  few. 

No  special  observations  were  made  on  sardines,  but  in  general  their 
injuries  were  about  the  same  as  tnose  of  anchovies  except  that  it  appeared 
that  a  good  deal  fewer  of  them  lost  eyes0   (See  Plate  I) 

b)  Superficial  wounds 

When  bait  fish  are  carefully  examined,  especially  those  which  have 
died,  the  first  thing  that  is  noticed  is  the  loss  of  scales,  not  one  of 
them  having  all  of  its  scales,,  Furthermore,  the  majority  of  the  fish 
show  more  or  less  bleeding  at  the  eyes,  along  the  belly  and  sides,  or  in 
other  places o  This  bleeding  is  liable  to  be  wrongly  considered  all  due  to 
simple  lacerations  received  on  the  surface  of  the  body  either  at  the  time 
the  fish  were  netted  or  when  they  were  placed  in  the  bait  tanks.  Even 
the  fishermen  appear  to  be  of  this  opinion,  however,  if  these  wounds  are 
carefully  examined  the  number  of  simple  lacerations  is  unexpectedly  small, 
and  most  of  the  injuries  are  seen  to  be  either  subcutaneous  bleeding 
caused  by  external  damage  or  hemorrhage  caused  by  the  rupture  of  viscera. 

1)  Loss  of  scales  ' 

The  loss  of  scales  can  never  directly  cause  the  death  of  bait  fish, 
but  there  is  no  doubt  that  it  lowers  their  vitality  somewhat  and  makes 
them  more  liable  to  receive  secondary  wounds.  Because  of  this  the  fisher- 
men even  estimate  the  vitality  of  bait  fish  by  the  degree  of  scale  loss 
among  thenu  The  author  carried  out  an  extremely  practical  experiment  in 
order  to  find  out  to  just  what  degree  bait  fish  lose  scales  under  any 
given  circumstances.  On  March  25,  1934,  twenty  sardines  which  had 
almost  all  of  their  scales  were  carefully  selected  from  a  school  being 


X.  Poisonous  matter  like  ptomaine  appearing. 
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held  at  Mito  Wan  in  Shizuoka  Prefecture.,  These  fish  were  placed  one  at 
a  time  in  a  partly  filled  basin  of  water  and  allowed  to  jump  about  for  30 
seconds.  Then  the  number  of  scales  which  had  fallen  off  during  that 
time  were  accurately  counted-  As  a  result  it  was  found  that  sardines 
averaging  13,3  cm  in  length  lost  an  average  of  62  scales  in  30  seconds. 
Scales  were  lost  most  easily  from  the  loiter  sides  of  the  fish  and  very 
similar  values  were  obtained  •-";?  gar  dies?  of  the  size  of  the  specimen,,  How- 
ever, the  rate  of  scale  loss  appears  to  be  fastest  at  first  and  to  gradually 
diminish  so  that  it  is  net  possible  to  calculate  the  number  of  scales 
lost  for  units  of  time  from  1  second  to  1  minute  on  the  basis  of  these 
results. 

Looking  at  the  results  shown  in  Table  22  it  can  be  gathered  that 
sardines  lose  their  scales  very  easily  and  that  in  a  fairly  short  time 
with  the  operation  Gf  a  certain  amount  of  external  force  almost  all  of 
the  scales  would  be  lost.   As  a  matter  of   facts,  quite  a  few  individuals 
are  found  among  bait  fish  which  have  lost  almost  all  of  their  scales. 
This  means  that  an  extremely  large  proportion  of  the  fish  are  liable  to 
receive  other  mortal  injuries  because  of  the  rubbing  off  of  their  scales. 

2)  Lacerations 

These  are  injuries  to  the  surface  of  T,he  body  received  from  the 
time  the  fish  are  taken  in  the   net  to  after  they  are  placed  in  the  bait 
tanks,,  especially  in  the  case  of  fish  which  have  lost  scales.  The  external 
force  applied  is  not  great  enough  to  cause  the  subcutaneous  wounds 
described  in  the  next  section^  and  most  of  the  injuries  consist  of  the 
rubbing  off  of  the  epidermis  with  more  or  less  bleeding*,  the  wounds  not 
being  directly  related  zo   des' 

3)  Bites 

Among  bait  kept  in  live-pounds  there  are  occasionally  discovered 
individuals  which  have  lost  vitality  through  rather  large  wounds  on  the 
tail  and  other  parts  of  the  body^  as  is  shown  in  Figure  9C.  Many  wounds 
of  this  character  are  bites  resulting  from  the  attacks  of  mackerel  which 
are  mixed  in  with  the  bait  fish  in  captivity.   It  should  be  ascertained 
whether  or  not  any  mackerel  are  mixed  in  with  the  baits,  and  if  there  are, 
they  should  be  speedily  fished  out,,  E^en  where  such  injuries  are 
fortunately  not  fatal,  there  is  bound  to  be  some  danger  of  the  fish 
finally  dying  of  bacterial  infection  wnen  the  water  temperature  is  high. 

c)  Subcutaneous  wounds 

These  are  divided  into  subcutaneous  hemorrhages,  broken  bones,, 
brain  contusions,  and  ruptured  viscera,.   In  many  cases  subcutaneous 
hemorrhage  is  associated  with  brain  contusions  or  ruptured  viscera,  but 
sometimes  they  appear  alone,-  In  either  case  this  type  of  injury  consists 
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Table  22  Experiment  on  the  Loss  of  Scales  by  Sardines 


Body  Length 
of  Sardine 

Number  of  Scales 
Lost  in  30  sec 

Body  Length 
of  Sardine 

Number  of  Scales 
Lost  in  30  sec 

cm 

cm 

LLp 

70 

1303 

71 

11.2 

60 

XO  ©  0 

83 

11a  5 

64 

13o4 

53 

1204 

55 

1307 

62 

12,5 

69 

13.9 

62 

12,6 

47 

14.1 

66 

12.6 

60 

15.2 

58 

12,7 

41 

15o2 

77 

1208 

54 

1504 

64 

1209 

62 

16.3 

62 

Average  values 

13  o  3 

62 
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only  of  the  breaking  of  the  subcutaneous  capillaries  and  the  blood 
quickly  coagulates ,  leaving  only  gray  scars  which  persist  for  some  time, 
without  any  relation  to  the  mortality  of  the  f ish„  In  fishes,  broken  bones 
do  not  occur  as  frequently  as  they  do  in  the  case  of  injuries  to  human 
beings,,  and  where  they  prove  fatal  it  is  usually  the  result  of  internal 
bleeding  caused  by  contusions0  Therefore,  in  this  study  the  two  first- 
named  types  of  inuries  will  be  omitted,,  and  the  mortality  resulting  from 
the  latter  two  will  be  discussed^ 

The  result  of  brain  contusions  or  the  rupture  of  viscera  is  that  the 
large  portions  of  the  deep  arteries  and  veins  are  broken „  The  blood 
running  out  of  these  vessels  effuses  into  the  tissues  and,  in  fishes,  it 
finally  reaches  a  condition  where  it  can  be  seen  from  the  outside 0   If 
these  are  observed  inattentively,  they  are  liable  to  be  confused  with  the 
minor  lacerations  and  simple  subcutaneous  hemorrhages  described  above<> 
Consequently  it  is  understandable  that  hitherto  all  evidences  of  bleeding 
appearing  on  the  outside  of  the  fish  have  been  mistakenly,  and  without 
deep  consideration,  believed  to  be  simple  external  wounds ,  The  author 
has  fortunately  been  able  to  distinguish  them  in  this  study,  and  has  been 
able  to  discover  that  brain  contusions,  ruptured  viscera,  and  other  types 
of  subcutaneous  wounds  are  the  main  causes  of  the  deaths  which  hitherto 
have  occurred  several  days  after  the  fish  have  been  captured. 

In  the  following  paragraphs  the  motive  for  this  discovery  and  the 
results  of  the  study  will  be  explained, 

1)  On  the  peak  of  mortality  which  appears  several  days  after  the  bait 
fish  have  been  placed  in  captivity 

Fishermen  who  handle  bait  fish  know  very  well  from  experience  that 
when  fish  are  caught  and  held  in  captivity  the  mortality  is  extremely 
small  at  first  and  that  the  peak  of  mortality  appears  after  1  or  2  days 
have  passed.  They  are  so  familiar  with  this  phenomenon  that  when  a 
day  or  more  has  passed  after  the  capture  of  the  fish  and  the  mortality 
is  gradually  increasing,  they  indirectly  forecast  the  jmminent  appearance 
of  the  peak  mortality  by  such  sayings  as  "Well,  it  looks  as  if  the 
sardines'  heads  have  begun  to  ache, "XI  Kiumra24),  who  made  a  statistical 
study  of  the  mortality  of  bait  fish,  reported  from  actual  cases  that  the 
maximum  values  of  tne  death  rate  appeared  after  the  passage  of  1  -  2 
days  from  the  capture  of  the  fish,  and  he  gives  a  clear  death  rate  curve, 
as  snown  in  Figure  10, 

The  author,  at  Mito  in  Tagata-gun,  Shizuoka  Prefecture,  in  December, 
1933,  using  as  material  sardines  (average  length  14,2  cm,  average  weight 
25,1  gm)  which  had  just  been  captured  and  which  appeared  to  be  compara- 
tively uninjured,  pierced  the  brain,  liver,  and  spleen  with  a  cannula  to 


XI,  Expression  used  by  the  Mito  bait-dealer  Mr,  Yamamoto,  as  well  as 
many  other  commercial  operators. 
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Figure  10  Death  Rate  Curves  for  Bait  Fish 


1  i  i  .  .  Uoi  «  I  I  ■  "  I  I  '  LU  I  I J  I  LL '  '  >  J '  I  ■  I ljJ  »  '  I  »  « liltl  i  il  II  HI  I  hill  hiiltll  nH 
g  ■*>  n    >   4.    (,    e    10  /j.  x  v    t>    g-   'o  ix   a.  V   i     r  '»  '-» a-* i    *  /•  /a   i    «e    c     f  /*i±  j.    ?    * 

Experiment  in  the  Fuji  Maru's  bait  tank  October  7-10,  193E. 


•000  approximately  7,500  sardines 

o  co  approximately  15 ,  000  anchovies 

n  o  o .  number  dead 

k  „ „ ,  mortality  coefficient 

(original  figure  by  Kimura) 
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induce  bleeding.  The  sardines  were  t,nen  immediately  released  in  a  live 
pound  and  their  subsequent  progress  was  observed.  As  the  following 
table  shows,  those  in  which  cerebral  Hemorrhages  had  been  produced  reached 
their  maximum  death  rate  about  a  day  later  while  tnose  in  which  hemorrhages 
had  been  induced  in  the  liver  or  spleen  snowed  the  peak  of  their  mortality 
somewhat  later,, 

Again  in  the  latter  part  of  March,  1954.,  in  the  bait  fish  experiment 
aboard  tne  Fuji  Maru,  Assistant.  Technician  Mishio^)  observed  a  large 
number  of  dead  sardines  and,  although  this  was  merely  judging  from  external 
appearances,  he  reported  that  the  hemorrhages  in  the  head  appeared  first 
and  those  of  the  belly  later, 

Wnen  we  collate  the  accounts  of  the  actual  experience  of  fishermen, 
as  given  above,  the  examples  cited  by  Messrs*  Kimura  and  Mishio,  and 
the  author's  experiment  in  artificially  causing  injuries  to  sardines,  it 
seems  most  correct  to  consider  that  the  main  cause  of  the  abrupt  increase 
in  mortality  of  sardines  L  -  2  days  after  they  have  been  placed  in 
captivity  is  not  the  lack  of  free  oxygen  already  referred  to,  nor  is  it 
based  on  sudden  changes  in  the  water  temperature,  but  it  is  rather  the 
result  of  hemorrhages  from  subcutaneous  wounds c 

2)  Brain  contusions 

When,  because  of  a  collision  or  from  some  other  cause,  a  rather 
large  force  of  inertia  is  applied  to  the  brain,  brain  contusions  are 
caused,  nemorrnages  occur  locally  (mostly  in  the  cerebrum)  in  the  brain 
tissues,  finally  a  large  amount  of  blood  is  shed  in  tne  brain  case,  and 
within  a  day  after  the  injury  death  ensues 

The  presence  of  brain  contusions  can  generally  be  detected  indirectly 
by  the  bleeding  in  the  snout  of  the  fish  resulting  from  the  impact.  The 
occurrence  of  brain  hemorrhage  can  be  judged  through  noting  the  extra- 
vasation of  blood  into  the  cornea  or  into  the  T-shaped  region  at  the  top 
of  the  skull  corresponding  to  the  fcnticuli,  (See  Plate  I«) 

5)  Rupture  of  internal  organs  and  accompanying  injury  to  blood  vessels 

When  a  large  force  is  applied  to  the  belly  of  the  fish,  in  most  cases 
such  soft  part-:  as  the  liver  and  spleen  or  the  deep  arteries  and  veins 
associated  with  these  organs  are  injured  so  that  large  quantities  of 
blood  are  hemorrhaged  into  the  body-cavity.   (See  Plate  I, )  The  time 
involved  varies  considerably  depending  on  the  extent  of  the  injury,  but 
usually  most  of  the  fish  die  several  days  after  being  hurt,   Kofmann26' 
in  his  work  on  forensic  medicine  gives  a  detailed  account  of  how  roughly 
the  same  results  appear  in  the  case  of  ruptures  of  the  internal  organs  in 
humans* 

The  foregoing  deals  with  brain  contusions  and  ruptures  of  the  liver 
and  spleen  wnich  are  sufficient  to  indicate  clearly  the  cause  of  death, 
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but  actually  when  bait  fish  which  have  died  after  several  days  in  captivity 
are  subjected  to  a  detailed  examination,  they  do  not  all  show  such  clearly 
apparent  injuries.  From  time  to  time  these  dead  fish  are  discovered  to 
individuals  which  show  only  slight  bleeding  caused  by  the  breaking  of 
subcutaneous  tissue s0  The  cause  of  these  deaths ^  according  to  the  teach- 
ings of  Professor  Mita,  is  poisoning  by  the  intermediate  products  of  the 
decomposition  of  protein,  a  subject  which  is  under  study  at  present  in 
forensic  medicine.  The  protein  that,  when  the  animal  is  in  a  healthy 
state,  would  already  be  changed  into  a  nontoxic  final  product  of  metabolism 
before  being  transported  through  the  arteries  invades  the  circulation 
from  the  injured  tissues  while  it  is  still  in  the  toxic  stage  of  an 
intermediate  metabolic  product  or  visceral  poison,,  It  is  wondered  whether 
these  deaths  should  not  be  interpreted  as  being  due  to  poisoning  from  this 
source o 

4)  On  the  magnitude  of  the  lethal  external  f  orcein 

The  author  constructed  the  device  shown  in  the  following  sketch  and 
carried  out  experiments  to  establish  a  general  standard  for  the  magnitude 
of  the  external  force  that  is  lethal  to  bait  fisho 

As  the  figure  shows,  the  device  consisted  of  a  board  made  of 
zelkovawood,  with  a  vertical  posto  To  the  post  a  short  tube  was  fastened 
by  one  end  in  such  a  way  that  it  could  move  up  and  down0  This  tube 
served  to  make  the  fish  fall  vertically,  and  experiments  were  made  with 
it  fastened  at  heights  of  20  em,  40  cm,  and  80  cm.  The  fish  dropped  onto 
the  board  by  means  of  this  tube  were  quickly  marked  and  immediately  released 
in  the  live=poundQ  (Such  an  experiment  required  only  from  30  seconds  to 
1  minute,)  The  numbers  of  deaths  that  occurred  during  two  days  were  com- 
plied and  compared. 

First  Experiment  Average  Weight  22 , 5  gn>.  Average  Length  13,4  cm 
Second  w  "  "  20,7  "  «  w  12,3  " 
Third    "         "      M    23,0  «     "     M    13„5  " 

Of  each  of  these  groups  of  fish,  50  were  dropped  from  each  height 
with  the  results  shown  in  the  following  table  /"Table  24_7„  From  these 
data  it  can  be  inferred  that  when  bait  fish  like  those  used  in  these 
tests  are  dropped  vertically  from  heights  of  40  can  or  more,,  the  external 
force  which  they  receive  from  the  board  on  which  they  land  is  lethal. 

Death  from  Pathological  Damage  to  the  Blood  Vessels 

When  several  days  have  passed  after  a  school  of  fish  is  placed  in  a 
live-pound,  it  begins  to  swim  in  an  orderly  fashion  and  in  a  definite 
direction^')  (mostly  clockwise)  around  the  circumference  of  a  hypothetical 
vertical  axis  at  the  center  of  the  live=pound.  Bait  fish  which  have 

XII o  Instructions  were  received  from  Technician  Toru  Sato  and  Attache 
Susurou  Kurita0 
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Table  24 


Height 

20  cm 

40  cm 

80  cm 

Number 

of 
Deaths 

First  Experiment 
Second  Experiment 
Third  Experiment 

3 
1 

4 

36 
24 
37 

37 
30 
39 
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attained  this  condition  form  a  well-regulated  school  and  consequently 
there  is  very  little  opportunity  for  them  to  be  injured  by  collision 
or  rubbing  together^  Furthermore ,  as  has  already  been  stated,  the 
internal  injuries  which  are  received  at  the  time  of  capture  or  when  the 
fish  are  placed  in  the  bait-tanks  will  after  a  few  days  either  result 
in  death  or  will  be  naturally  cured,  and  therefore  the  usual  thing  is  for 
bleeding  fish  to  gradually  disappear  and  for  the  death  rate  to  abruptly 
decline  when  a  certain  amount  of  time  has  passed  after  the  fish  have  been 
placed  in  captivity. 

However,  when  several  weeks  have  passed  after  the  fish  have  been 
placed  in  the  live-pound,  red  spots  due  to  bleeding,  called  by  the 
fishermen  wred  rust",  appear  under  their  skin  (Figure  12) ,  If  fish  on 
which  these  red  spots  have  appeared  are  carefully  examined,  it  is  clear 
that  in  most  of  them  it  is  a  matter  of  simple  subcutaneous  bleeding  and 
that  the  internal  organs  are  completely  unnarmed,  but  the  peculiarity  of 
this  condition  is  that  most  of  the  fish  die  of  just  this  subcutaneous 
bleeding.  From  this  fact  it  can  easily  be  gathered  that  this  bleeding 
is  of  a  different  sort  from  that  described  earlier  as  due  to  force. 
Since  I  have  not  yet  had  an  opportunity  to  study  this  phenomenon,  I 
cannot  speak  with  conviction,  but  in  view  of  the  fact  that  these  symptoms 
present  certain  points  of  resemblance  to  the  Morbus  macula sus  Werlhofi^o) 
that  occurs  in  humans  and  other  animals,  it  is  thought  tnat  it  cannot  be 
far  wrong  to  .consider  these  red  spots  as  a  type  of  pathological  damage  to 
the  vascular  system  under  certain  external  conditions. 

Death  from  Excessive  Production  of  Air  Bubbles 

On  the  occasion  of  an  experiment  in  holding  bait  sardines  in  the 
bait  tanks  of  the  Fuji  Maru  during  a  three-day  period  beginning  July  24, 
1931,  an  imperfection  in  the  intake  of  the  water  pump  caused  the  produc- 
tion  of  a  great  number  of  bubbles,  and  at  the  same  time  a  large  number 
of  dead  fish  appeared, 1)  When  these  dead  fisn  were  carefully  examined, 
items  that  deserve  mention  as  impressions  obtained  directly  after  the 
fish  died  are  the  fact  that  almost,  all  of  the  dead  fish  had  a  great  many 
of  the  above-mentioned  small  air  bubbles  on  the  surface  of  their  bodies 
and  on  their  gill  lamellae  and  gxll-rakers,  and  tnat  rather  conspicuous 
bleeding  could  be  seen  at  their  snouts,  eyeballs,  and  under  their  skins. 
Particularly  worthy  of  note  is  the  fact  that  the  free  oxygen  did  not 
reach  the  saturation  point  (rather  there  was  somewhat  of  a  deficiency) 1), 
and  the  fact  that  there  were  no  air  bubbles  produced  in  the  eyeballs  or 
under  the  skin,  which  facts  testified  eloquently  that  the  cause  of  death 
was  not  bubble  disease.  In  other  words,  the  cause  of  these  deaths  must 
be  sought  elsewhere  than  in  bubble  disease,  Kimura^/  recently  has  kept 
sardines  in  a  bait  tank  in  which  great  quantities  of  bubbles  were  produced 
experimentally  and  has  observed  the  great  number  of  deaths  which  resulted. 
He  concluded  that  the  cause  of  these  deaths  was  the  injuries  resulting 
from  the  disruption  of  the  swimming  of  the  sardines  as  the  bubbles  rose 
in  the  tank,  Ishii30)p  using  goldfish  as  material,  conducted  a  roughly 
similar  experiment  and  found  that  air  bubbles  of  a  radius  of  0,03  cm  or 
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more  would  remain  attached  to  the  surface  of  the  body  of  the  fish  for  as 
long  as  10  minutes  or  more  without  dissipating. 

If  we  collate  and  examine  these  facts  and  the  experiment  described 
above,  we  see  that  even  though  the  presence  of  so  many  small  air  bubbles 
may  have  the  advantage  of  increasing  to  some  extent  the  free  oxygen  in 
the  water j,  physically  the  bad  effect  on  the  bodies  of  the  fish  outweighs 
thiSo  When  the  air  bubbles  rise  in  the  water,  they  not  only  cause  injuries 
indirectly  by  disrupting  the  swimming  of  the  fish,  but  if  they  stick  to 
the  gill  lamellae,  which  are  the  breathing  apparatus  of  the  fish,  they 
make  respiration  difficult,  and  in  either  case  there  is  plenty  of  danger 
of  their  finally  leading  the  fish  to  its  death. 

Death  from  Unnatural  Feeding 

The  natural  food  of  sardines  is  phytoplankton  such  as  diatoms  and 
zooplankton  such  as  copepods,  so  even  in  a  net  live-pound  or  in  the  bait- 
wells  of  a  boat  as  long  as  there  is  a  certain  amount  of  circulation  of 
water  the  fish  will  not  go  completely  without  food  even  though  they  are 
not  fed.  However,  if  the  fish  are  kept  for  a  long  time  without  feeding, 
they  become  as  shown  in  Figure  13,  with  the  body  lean  and  only  the  head 
large,  and  not  only  is  their  quality  as  bait  lowered  but  their  resistance 
to  all  sorts  of  damage  is  weakened.  Accordingly,  when  bait  fish  are  to 
be  kept  for  a  long  time  or  transported  a  long  distance  they  should  be 
properly  fed^'  **),  but  if  errors  are  made  in  the  time  and  amount  of 
feeding  the  results  are  sometimes  worse  than  no  feeding  at  all. 

If  bait  fish  are  held  in  captivity  and  a  few  days  are  allowed  to 
pass,  then,  as  described  earlier,  the  school  will  begin  an  orderly  circling 
inside  the  live-pound,  and  somewhat  later  they  begin  to  show  a  condition 
that  the  fishermen  call  "puffing  out  their  cheeks".  This  term  describes 
the  movement  in  which  the  opercles  are  spread  as  wide  as  possible,  fully 
opening  the  gills,  the  fish  swimming  for  a  while  in  this  condition  and 
then  closing  the  opercles.  This  is  the  food-seeking  action  peculiar  to 
these  fish,  and  it  is  carried  on  simultaneously  with  respiration. XIII 
Since  bait  fish  which  show  this  action  are  in  a  good  state  of  health, 
the  fishermen  use  its  presence  or  absence  as  a  criterion  by  which  to 
judge  the  quality  of  bait.  Fish  which  act  in  this  way  may  be  fed  without 
any  trouble,  but  fish  which  do  not  show  this  type  of  activity  will  never 
take  the  food  that  is  given  to  them,  and  feeding  will  only  result  in 
fouling  the  water  so  this  is  a  matter  which  requires  care.  Ordinarily 
it  happens  only  rarely  that  deaths  are  caused  by  mistakes  in  feeding, 
but  sometimes  when  bait  fish  which  have  been  kept  for  a  long  time  without 
feeding  are  being  transported  and  are  mistakenly  fed  the  wrong  amount, 
very  regrettable  results  ensue.  On  July  5,  1931,  in  the  course  of  an 
experiment  in  holding  bait  aboard  the  Fuji  Maru,  the  author  suddenly 

XIII.  The  author  has  experimental  proof,  but  will  leave  its  publication 
to  another  time. 
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gave  4,000  grams  of  groundup  sardines  to  some  live  bait  (50,677  fish) 
that  had  been  kept  for  47  days  since  their  capture  without  feeding.  In 
16  -  18  hours  after  the  feeding  many  dead  fish  appeared,  all  of  which 
were  gorged  with  food^)-. 

In  healthy  fish  swimming  in  the  broad  sea,  a  sardine  15  cm  long 
ordinarily  has  1  gram  or  less  of  material  in  its  digestive  tractl5)  33)  ^ 
but  for  fish  inside  a  small  bait  tank,  with  a  restricted  scope  for  move- 
ment;, this  appears  to  be  a  little  bit  too  much*  The  author  thinks  that 
the  right  amount  is  such  that  there  is  no  food  in  the  cardiac  portion 
or  the  blind  sac  of  the  stomach,  a  little  in  the  pyloric  part,  and  a 
moderate  quantity  in  the  intestine,  as  shown  in  Figure  14,  that  is,  so 
that  the  food  does  not  remain  for  long  in  the  stomach.  When  food  is 
suddenly  to  be  given  to  bait  fish  that  have  not  been  fed  for  a  long  time, 
care  should  be  taken  to  give  them  a  very  small  amount  at  first  and  then 
to  gradually  increase  the  quantity,, 

On  Vomiting  in  Bait  Fish 

If  bait  fish  are  placed  in  bait  tanks  immediately  after  capture 
and  transported,  the  water  inside  the  bait  tanks  becomes  turbid  with 
their  excreta,  at  times  to  such  a  degree  that  the  water  snows  a  yellow 
color.  The  fishermen  explain  that  this  phenomenon  is  the  result  of 
vomiting  by  the  fish,  but  the  author  could  not  help  having  considerable 
doubt  as  the  presence  of  a  vomiting  center  in  lower  vertebrates  such  as 
fish,  and  therefore  it  was  decided  to  try  the  following  experiment 
Small  amounts  (0ol  -  Ce3  cc  of  a  085$  solution)  of  apomorphin= 
hydrochloride,  the  only  drug  that  can  be  injected  to  stimulate  the 
vomiting  center  and  cause  forced  vomiting  when  human  beings  have  drunk 
poison  with  the  object  of  committing  suicide,  were  injected  into  the  body 
cavities  of  bait  fish  shortly  after  feeding  and  the  reaction  was  observed. 
As  the  following  table  shows,  it  was  found  that,  the  fish  regurgitate 
conspicuously,,   (The  same  reaction  is  found  in  mackerel-scad, 
Chelidonichthya  kumu,  mackerel,  £?hasticht-hys  el^UST1^  anc*  Sebastodes 

Thus  it  was  found  to  be  possible  that  a  vomiting  center  exists  in 
sardines  (fish  in  general) „  Since  a  vomiting  center  is  easily  excited 
by  spiritual  agitation^S) ^  there  is   always  a  possibility  that  the  bait 
fish,  which  receive  mental  shocks  during  their  capture,  may  regurgitate 
immediately  after  being  placed  in  the  bait  tanks.  Not  only  is  the  fish 
itself  considerably  weakened  by  vomiting,  but  the  material  regurgitated 
immediately  causes  a  change  for  the  worse  in  the  character  cf  the  water, 
and  for  this  reason,  even  though  the  vomiting  itself  may  not  be  related 
to  the  death  of  the  bait,  every  care  is  required  in  handling  these  fish. 

Death  of  Bait  Fish  Exposed  to  the  Air5*5) 

In  placing  bait  in  bait  tanks  at  present  dip=nets  or  buckets  are 
used,  and  several  dozen  separate  transfer?  are  made.  At  this  time  quite 
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(Sardines  were  used  in  the  experiment ) 


Body  Length  cm 

Amount  Injected  cc 

Reactions 

Material  Vomited 

13.0 
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immediate  reactions 

food  masses  and  mucus 
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a  few  fish  fall  onto  the  deckj,  and  even  those  which  do  not  are  exposed 
to  the  air  during  the  time  that  they  are  being  carried  in  the  scoop-net „ 
Being  fish  that  are  weak  even  in  the  water,,  it  need  hardly  be  said  that 
the  life  of  the  bait  is  very  precarious  when  it  is  exposed  to  the  air0 
Therefore,,  in  order  to  test  how  long  bait  fish  can  live  when  left  out  of 
the  water,  the  author  carried  out  an  experiment  on  the  subject  indicated 
by  the  heading  of  this  section  on  March  25 ,  1934 ,  (clear,  atmospheric 
temperature  15°C)  aboard  the  Fuji  Maru  using  50  fish  that  had  been 
caught  several  days  earlier,,  The  fish  were  taken  from  the  bait  tank  one 
by  one,  their  bodies  were  confined  so  that  they  had  no  freedom  of  move- 
ment, and  they  were  left  in  the  air,  the  time  that  elapsed  until  they 
were  completely  dead  of  suffocation  being  determined  in  each  case8  The 
lethal  time  was  recorded  as  the  period  from  the  time  the  fish  were  taken 
out  of  the  water  and  left  in  the  air  until  the  complete  cessation  of 
respiration,  accompanied  by  two  or  three  convulsions  passing  from  the 
anterior  to  the  posterior  part  of  the  body„  In  this  way  it  was  possible 
to  make  the  graph  shown  in  Figure  15,  with  the  lethal  time  on  the  vertical 
axis  and  the  body  weight  of  the  fish  on  the  horizontal. 

The  first  things  that  one  perceives  in  looking  at  this  graph  is  that 
as  the  body  weight  of  the  fish  increases  the  lethal  time  is  extended  to 
a  greater  or  lesser  degree,  and  that  for  a  difference  in  body-weight  of 
about-  50  grams  there  is  a  difference  of  almost  50  minutes  in  the  lethal 
time0  Also,  the  hypothetical  curve  has  a  sigmoid  shape  with  reference 
to  the  horizontal  axis  from  which  it  can  be  inferred  that  under  conditions 
similar  to  those  of  this  experiment,  no  matter  how  small  the  fish  may  be 
it  will  noi  die  in  less  than  about  10  minutes,  and  no  matter  how  large 
a  fish  may  be,  it  will  not  be  able  to  maintain  life  longer  than  about 
40  minutes o  (If  the  fish  is  not  restrained  and  is  allowed  to  jump  about, 
it  will  die  in  a  shorter  period  of  time»)  However,  it  is  self-evident 
that  fish  should  not  be  left  for  such  long  periods  of  time  in  the  air  if 
it  is  intended  to  return  them  safely  to  the  water,  since  the  experiments 
described  above  record  the  period  of  time  until  the  fish  were  completely 
deads 

Measures  to  be  Taken  to  Prevent  Deaths 

These  involve  eliminating  insofar  as  possible  the  external  factors 
described  above  as  being  the  causes  of  death  of  bait  fishes,  so  I  will 
attempt  to  avoid  repetition  here  and  will  only  sixnmariae  the  items  which 
should  be  given  the  most  careful  attention  when  transferring  newly-caught 
fish  to  the  bait  tanks  of  a  vessels 

First  of  all,  in  catching  bait  fish  the  fishing  should  not,  of  course, 
be  carried  on  when  the  weather  is  stormy0  Minute  care  should  be  given 
to  the  method  of  operating  the  fishing  gear  so  as  to  avoid,  as  far  as 
possible,  causing  brain  contusions,  ruptures  of  internal  organs,  and 
other  similar  dangerous  subcutaneous  injuries  that  give  rise  to  the 
breakdown  of  the  tissues 0  In  purchasing  bait  fish  from  bait  fishermen, 
attention  must  be  paid  to  the  loss  of  scales  and  bleeding  around  the 


Fig, 15  Suffocation  of  sardines  exposed  to  air 
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eyes  and  the  belly „  This  is  because  if  these  external  evidences  are 
conspicuous,  the  subcutaneous  injury  will  accordingly  be  great  and  many 
of  the  fish  are  bound  to  die  later  on„  Captured  bait  should  not  be 
immediately  placed  in  the  bait  tanks,  but  if  circumstances  permit,  a 
live~pound  should  be  prepared  in  advance  and  the  fish  should  be  kept  in 
it  temporarily  to  permit  them  to  get  over  their  excitement,  to  weed  out 
those  which  are  badly  hurt  and  about  to  die,  and  to  permit  the  fouling 
material  that  the  fish  vomit  because  of  spiritual  perturbation  to  be 
naturally  washed  away»  For  transferring  the  fish  to  the  bait  tanks,  it 
is  ideal  if  a  strong,  watertight  port  can  be  constructed  in  the  vessel's 
side,  in  accordance  with  Section  15,  Article  9  of  the  inspection  regula- 
tions  for  wooden  vessels,  through  which  the  bait  fish  can  be  poured  into 
the  tanks,  but  where  this  sort  of  installation  cannot  be  made  they  should 
be  transferred  using  several  buckets  (more  successful  than  dip=nets) 
and  moving  a  few  fish  at  a  time  without  haste <>  When  the  fish  are  placed 
in  the  tank  it  must  be  lighted  and  the  fish  must  be  prevented  from 
bunching  together  in  one  place „  (If  the  fish  do  crowd  together  in  one 
place  they  may  easily  be  injured  and  at  the  same  time  they  may  cause  a 
localized  deficiency  of  free  oxygen„)  Care  must  be  taken  that  the  free 
oxygen  content  does  not  fall  below  5  cc  per  liter „  For  about  an  hour 
after  the  fish  ssb  put  in  the  tank  every  effort  should  be  made  to  give  a 
thorough  circulation  of  water  and  at  the  same  time  the  spray  pump  should 
be  used  freely  to  supplement  the  supply  of  oxygen,,  When  more  than  an 
hour  has  passed  after  the  fish  have  entered  the  bait  tank,  with  the  new 
pump  circulation  system  the  fear  of  an  oxygen  deficiency  is  completely 
swept  awaya  If,  however,  for  some  such  reason  as  a  defect  in  the  opera« 
tion  of  the  pump  a  great  many  air  bubbles  should  be  produced  in  the  sea= 
water  in  the  tank,  there  will  be  deaths  from  this  cause  so  caution  is 
required,,  Since  fishes  in  general  have  the  habit  of  swimming  against 
the  current,  provision  should  be  made  so  that  the  water  will  gently  circu= 
late  in  a  direction  opposite  to  that  in  which  the  bait  fish  swim  (clockwise 
in  most  cases) „  When  bait  fish  are  transported  to  the  South  Seas  fishing 
grounds,  deaths  due  to  sudden  rises  in  water  temperature  must  be  avoided 
by  immediately  cooling  the  water  in  the  bait  tanks  somewhat  (2°  -  3°  is 
enough)  if  the  vessel  encounters  warm  water  zones  with  temperatures  above 
27°C  in  the  case  of  S„  melanosticta  (the  lethal  temperature  is  over  29°C, 
but  a  margin  of  2°C  xs  left  because  the  saturation  point  of  oxygen  is 
lowered  as  the  water  temperature  rises)  or  above  29°C  in  the  case  of  Eo 
japonieus  (lethal  temperature  over  310C)o 

In  addition,  constant  attention  should  be  paid  to  the  causes  of  death 
treated  in  this  study,  and  care  should  be  taken  to  apply  timely  and 
appropriate  measures „ 

Summary 

10  This  study  is  chiefly  the  results  of  a  biological  investigation  of  the 
causes  of  death  in  the  various  types  of  mortality  that  occur  when  bait  fish 
that  have  been  recently  captured,  commonly  called  "new"  bait,  are  placed 
in  bait  tanks  for  transportation,. 
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Plate  I  Figures  of  Bleeding  Accompanying  Subcutaneous  Injuries 

CoC 


1.  From  the  conspicuous  bleeding  at  the  snout  there  can  be  inferred, 
not  only  the  damage  to  the  snout,  but  also  more  or  less  injury 
to  the  brain,, 

2.  The  large  hemorrhages  in  the  snout,  eyeballs,  cephalic  canals, 
and  gill  openings  are  sufficient  evidence  of  brain  contusions. 


Co  o  o  o  Cephalic  canals 
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5.  The  hemorrhages  in  the  fonticuli  and  elsewhere  indicate  brain  contusions, 

Fo  „ o  o  Fonticuli 
C,n  ooo  Cavum  nasi 

4,50  Fish  with  such  hemorrhages  in  the  eyeball,  particularly  in  the  cornea, 
in  most  cases  have  suffered  injuries  to  the  brain. 

Pa  0  o ,  Palpebra 

6.  Ruptured  cerebral  blood  vessels , 

Ool  o. .Olfactory  lobe 

Ce  . , o  Cereberum 

Mo  s  coo  Medulla  spinalis 

7.  Contusions  of  the  cerebrum, 

8„  Rupture  of  blood  vessels  of  the  viscera. 


liQ       ooo 

Hepar 

Ve  ... 

Ventriculus 

A  o  P   o  o 

Appendix  pylorica 

JjX  ooo 

Lien 

J.     ooo 

Intestinum 

Contusions  of  the  liver . 


52 


20  This  study  was  made  from  1932  on  aboard  the  Fuji  Maru,  guide  vessel 
of  the  Shizuoka  Prefecture  Fisheries  Ifcrperi ment  Station,  at  Mito  Beach 
in  Shizuoka  Prefecture;,  at  the  Kanagawa  Prefecture  Misaki  Marine 
Laboratory ,  end  at  several  other  places „ 

So  The  fish  used  in  the  experiments  were  Sardinia  melanosticta  and 
g2graulj-s  japonicus  of  sizes  suitable  for  use  as  baito 

4,  By  keeping  a  school  of  bait  fish  in  a  tightly  closed  vessel  and 
studying  the  rate  of  speed  at  which  they  consumed  oxygen  by  abnormal 
breathing  it  was  demonstrated  that  since  the  average  lethal  concentration 
of  oxygen  for  bait  fish  is  roughly  fixed,  the  more  fish  (total  body 
weight)  there  are,  the  faster  the  oxygen  will  be  used  up  and  the  quicker 
the  fish  will  die« 

So  By  shutting  up  a  single  sardine  or  anchovy  in  a  small  tightly  closed 
vessel  and  measuring  the  lethal  concentration  of  oxygen  it  was  found  that 
sardines  die  when  the  free  oxygen  falls  below  about  2  cc  per  liter  and 
that  the  figure  for  anchovies  varies  only  slightly  from  this,. 

So  With  the  old=fashioned  type  of  bait  tank  with  natural  water  circula- 
tion the  danger  was  always  present  that  the  fish  would  begin  to  show 
signs  of  oxygen  deficiency,  not  only  right  after  they  had  been  placed  in 
the  tanks  and  in  their     ement  were  using  up  large  quantities  of  free 
oxygen  but  also  whenever  the  vessel  was  not  rolling  very  much,  however, 
with  the  present  style  of  tanks  with  pumped  water  circulation,  if  only 
a  little  care  is  taken  for  a  short  while  after  the  fish  are  put  into  the 
tank,  there  is  thereafter  no  danger  at  all  of  oxygen  deficiency.,  This 
has  been  shown  by  citing  actual  experience 

7„  Minute  quantities  of  ac=>tetrahydro  A  naphthylamin  hydrochloride  5$ 
solution,  which  causes  fever  centrally  by  exciting  the  temperature  center 
and  other  sympathetic  nerve  ganglia,  a  xlOOO  solution  of  adrenalin,  which 
causes  fever  by  central  and  peripheral      .  and  pituitrin,  which 
causes  the  body  temperature  to  drop  by  acting  centrally,  were  injected 
subcutaneously  and  were  found  t  o  cause  no  reaction,,  Thus  it  was  learned 
that  sardines  appear  to  have  no  center  for  regulating  body  temperature 
and  that  their  body  temperature  changes  with  the  temperature  of  the 
surrounding  waterc 

8c  A  controlled=temperature  tank  was  used  to  study  the  resistance  of 
bait  fish  to  sudden  rises  and  drops  in  the  water  temperature*  With  the 
sea~water  at  approximately  22°  =  25°C  at  the  time  of  the  experiment,,  it 
was  found  that  sardines  could  endure  a  temperature  range  of  7°  =  2& 
while  anchovies  could  live  in  a  range  of  11°  =  510Co  This  demonstrated 
that  sardines  have  resistance  to  low  temperatures  (sudden  drops  in 
temperatures)  while  anchovies  are  more  resistant  to  high  temperatures 
(sudden  rises  in  temperature). 
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9o  Injuries  received  in  capture  or  in  transfer  to  the  bait  tank  were 
divided  into  three  classifications  for  study  as  large  wounds  immediately 
fatalj,  nonfatal  superficial  wounds,  and  subcutaneous  wounds  causing  death 
after  the  passage  of  a  considerable  period  of  time,, 

10,  It  was  possible  to  prove  experimentally  that  the  occurrence  of  the 
peak  of  mortality  of  bait  fishes  several  days  after  capture  was  due  to 
internal  bleeding  from  the  subcutaneous  wounds  described  above, 

11,  By  dropping  bait  fish  headfirst  from  various  heights  the  magnitude 
of  the  lethal  force  was  measured,  and  it  was  found  that  this  force 
correspond  to  dropping  a  fish  of  about  22  grams  weight  from  a  height  of 
40  cm  or  more, 

12o  When  several  weeks  have  passed  after  the  fish  have  been  placed  in 
captivity,  the  blood  spots  called  "red  rust"  by  the  fishermen  appear  on 
the  surface  of  their  bodies.  This  ap  pears  to  be  bleeding  due  to 
pathological  damage  to  the  blood  vessels, 

13,  If,  because  of  failure  of  the  intake  of  the  pump  or  for  any  other 
reason,  a  great  many  small  air  bubbles  are  produced  in  the  bait  tanks, 
the  fish  sometimes  find  respiration  difficult  or  receive  injuries 
indirectly  and  die, 

14,  When  captive  fish  that  have  been  completely  without  food  for  a  long 
time  are  suddenly  fed  a  large  amount,  it  sometimes  brings  about  their 
death, 

15,  There  was  a  marked  reaction  when  0,1  =  0,3  cc  of  a  5%   solution  of 
the  emetic  apomorphin  hydrochloride  was  injected  beneath  the  skin  of 
sardines.  Consequently  it  is  thought  that  there  may  be  a  vomiting  center 
in  sardineso  If  this  is  the  case,  it  is  possible  that  sardines  vomit 
freely  because  of  spiritual  perturbation  immediately  after  capture.  If 
they  begin  vomiting,  not  only  will  the  sardines  be  somewhat  weakened,  but 
the  water  within  the  bait  tanks  will  be  polluted, 

160  Sardines  taken  out  into  the  air  can  stay  alive  longer  than  was 
expected  (10  -  40  minutes), 

170  The  best  plan  in  order  to  prevent  the  death  of  bait  fishes  is  thought 
to  be  to  eliminate  insofar  as  possible  the  external  conditions  which  cause 
death  as  described  above*, 
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Fig.  9  -  Photograph  showing  condition  of  sardine  attacked  by  mackerel. 
Fig.  12  -  Photograph  showing  "red  rust"  on  sardine. 
Figc  13  -  Photograph  showing  emaciated  sardine. 
Plate  II  -  Photographs  showing  major  wounds  of  bait  fish. 
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